There is perhaps no other field of tumour pathology in which classification has been more difficult than in the case of parotid tumours and, in fact, of salivary-gland tumours in general. One reason is the marked variation in the histological features of these tumours. Another is thatdespite the extensive literature on the subjectno large operative series was described until the early 1950s: consequently great difficulties were found, before this time, in correlating various histological structures with the corresponding clinical course in a sufficient number of cases to permit separate types of tumour to be distinguished. This implied that, until the beginning of the 1950s, the classifications of parotid tumours given in the literature had to be based on diffusely delimited groups. These groups later proved to contain a number of different types of a varying grade of malignancy. Naturally, this led to considerable uncertainty with respect to the prognosis and treatment, both of the various types of tumour and of the individual tumours. This uncertainty in evaluating the malignancy explains the widespread acceptance of the term 'semi-malignancy', which was introduced by Masson in 1924 and applied precisely to tumours of the parotid gland.
The reason why no large operative series was reported until the early 1950s was partly the rarity of parotid tumours and partly the relatively low incidence of operation on these tumours in previous years. Tumours of the salivary glands are stated to comprise less than 3 % of all tumours. The comparatively low incidence of operation on parotid tumours was probably because the high rate of recurrence and of damage to the facial nerve discouraged surgeons to some extent: as late as 1933 McFarlandan American pathologist greatly interested in parotid tumoursactually stated that operation on tumours of the parotid gland was unnecessary; in 1942, he emphasized that the post-operative prognosis could not be determined with greater accuracy than by tossing a coin.
Before I discuss the current position regarding the classification of parotid tumours and various opinions on this matter, I shall give a short historical survey. This is necessary for a complete understanding of the difficulties and problems that wereand still areassociated with this question.
Historical Survey Until the middle of the nineteenth century, only single cases of parotid tumours with incomplete histological descriptions were to be found in the literature. Siebold in Germany is generally considered to have been the first to devote a publication solely to parotid tumours. In 1793 he described them as malignant 'scirrhous tumours', although many of them would certainly be denoted as benign according to modern nomenclature.
The first detailed histological description of a tumour type with characteristic structures was published by Billroth in 1859; he gave an extremely precise account of the histological and clinical features of 12 parotid tumours. He found them to have a complex structure of epithelial and mesenchymal components; he denoted them as myxomas in view of the predominance of the latter component. In 1874 Minssen introduced the term that is still most commonly used for this type of tumour, namely, mixed tumour. Ever since Billroth's original description, the mixed tumourswhich, of all those affecting the parotid gland, unquestionably have the highest incidence have aroused lively interest because of the diversity of their histological features. There is an extensive literature on the histogenesis, histology and grade of malignancy of this type of tumour.
In the same year in which he described mixed tumours of the parotid gland, Billroth reported a study of a type of tumour which he called cylindroma; this term is still very common and is used both as a collective term for various types of tumour and as a. synonym for the now more usual term 'adenoid cystic carcinoma.
In 1910 Albrecht & Arzt described a histologically independent type of tumourpapillary cystadenoma lymphomatosum. In addition, a few cases of carcinoma with a varying degree of differentiation and a few cases of squamous cell carcinoma were reported in the early years of this century.
Classification
Up to the middle of the 1940s classifications of parotid tumours were based on the types I have mentioned.
Many of these tumour types were extremely diffusely defined and served as collective terms for rarer tumours with uncertain histological features. Examples of common collective terms at that time are adenoma, cylindroma and mixed tumour. Moreover, it was not unusual for a tumour to be denoted only as a mucous and salivary-gland tumour or parotid tumour, without any further histological definition. Thus, the classifications were based on groups of tumours that were diffusely defined histologically and, therefore, clinically as well.
During the 1940s, however, parotid tumours started to be operated on to an increasingly great extent. This was due to improvements in the surgical technique owing to better knowledge of the facial nerve whose exposure, after its exit from the stylomastoid foramen, was described by Bailey (1941) among others. Concurrently tumour therapy became increasingly centralized, so that larger operative series could be collected than ever before and premises were available for classifying characteristic histological structures as separate types of tumour. This applied particularly to the United States where, during the years 1945-54, several types of tumour were differentiated from earlier diffuse conceptions. One of the consequences was that the group of mixed tumours became more distinctly defined histologically.
On the basis of the types of tumour thus defined histologically up to 1954, Foote & Frazell of Memorial Hospital, New York, presented a classification of parotid tumours that was more differentiated than any earlier one. This classification has not, however, become widely adopted outside the USA because it has not so far been possible to verify its clinical value owing to series that are too small, too heterogeneously treated or insufficiently analysed. Several of the types of tumour in Foote & Frazell's classificatione.g. muco-epidermoid carcinoma and acinic cell carcinomaare still regarded in many classifications as not being independent types. They are, instead, assigned to various collective groups. But even in most of the classifications in which these types of tumour are considered to be independent, the concept of semi-malignancy persists: many authorsespecially in Europe, but even in the United Statesstill denote about 75 % of all parotid tumours as semi-malignant.
Obviously the only way of eliminating this state of confusion is to investigate the clinical relevance of a classification based on histologically well-delimited types of tumour.
Present Investigation
One aim of my study of salivary-gland tumours was to test the justification of the term semimalignancy (Eneroth 1964) ; another was to ascertain whether the histologically defined types of parotid tumour in Foote & Frazell's classification could in fact, be classified as definitely benign or malignant. This study was made in Stockholm, at Karolinska Sjukhuset and Radiumhemmet.
Since about 1909 the treatment of tumours in Sweden has been largely concentrated to Radiumhemmet in Stockholm. As a result, an exceedingly large number of patients have been registered and treated there in the course of years, among them over 2,000 operated on for parotid tumours.
Follow-up examinations of patients operated on for parotid tumours have generally been made at intervals of three, six or twelve months for the rest of their lives. Since Sweden is a small country with a relatively stationary population, only a few patientsless than 1 % -have been lost to follow-up.
At first the majority of parotid tumours in this material were classified according to an older nomenclature; thus it did not take into account a number of types of tumour defined as separate entities in the USA in 1945-54. Therefore these types of tumour were often classified originally under diffuse collective terms: consequently, if any clinical conclusions were to be drawn from the histological structures, the whole series had to be re-examined histologically.
The prerequisites for such an examination existed, since the whole material is recorded at Radiumhemmet. The tumours are embedded in paraffin, and there are generally several cut sections of each tumour as well. I therefore had at my disposal a large material, thoroughly followed up for long periods, and specimens of all the tumours; these factors combined to provide excellent conditions for correlation studies between histology and clinical course. The results showed that parotid tumours could be distinctly defined histologically and that a close correlation exists between histological features and clinical behaviour.
The group of mixed tumours could be distinctly divided into two subgroupsbenign and malignant. In addition, the other types of tumour in -the material could be specified as being either benign or malignant. The different types of tumour in the classification of parotid tumours now used at Karolinska Sjukhuset are shown in Table 1 . Table 1 not only shows the different types of -tumour; it also shows their incidence in a series of 1,679 patients registered at Radiumhemmet in 1909-58, as well as in an operative series (802 -cases) from the Department of Otolaryngology, Karolinska Sjukhuset, during the period 1950-62. The large series from Radiumhemmet does, however, give a somewhat incorrect idea of the incidence of the various tumours; this is because it is a selective series based on patients referred to Radiumhemmet. The series is selective because, for a long time, only patients with tumours of suspected or established malignancy were referred to Radiumhemmet. The operated series from the Department of Otolaryngology is, on the other hand, more representative of the real distribution of the different types of tumour of the parotid, for this series is based on patients who had operations on suspicion of a tumour for all types of lumps in the parotid region. Consequently the incidence figures for the various types of tumour will, in the following, refer to the distribution in this series.
The mixed tumour group was by far the largest, comprising about 70 % of all the parotid tumours, which implies that barely one-third consisted of all the other types together. The dominance of the mixed tumours is of special interest, since it is precisely this group of tumours that has presented difficulties with respect to classification and possible malignancy.
The term 'mixed tumour' was introduced in 1874 by Minssen to stress that this type of tumour was of both epithelial and mesenchymal origin. This theory started to lose ground as early as the beginning of the present century. Nowadays it is regarded as certain that the mixed tumours are of purely epithelial origin and many authors have claimed that the term 'mixed tumour' is out of date and incorrect. Several other names have been suggested. Examples are 'epithelial mixed tumour', 'complex adenoma', 'pleomorphic adenoma and adenocarcinoma', 'pleomorphic sialoadenoma' and 'epithelioma remanie'. 'Mixed tumour' is, however, still the most common term and it need not be taken to refer to the histogenesis but can be considered as purely histologically descriptive. A mixed tumour has both epithelial and mesenchymal components; if either of these main components is lacking, the tumour should not be denoted as a true mixed tumour. However, the diffuse concept of this type of tumour still persists in many classifications.
Although delimitation of this group of tumours has become increasingly distinct in recent yearsdue to a clear histological definitionthere is still much disagreement about the malignancy; this is evident, for example, from the fact that the concept of semi-malignancy is so often applied to this type of tumour. Certain authors have stated that all mixed tumours are semi-malignant, whereas others have stated that they are all benign and still others that they are all malignant; again, some authors have divided the mixed tumours into benign and malignant or into benign, semi-malignant and malignant.
Many authors have ascribed prognostic importance to the conditions of encapsulation and to other histological criteria, such as cylindromatous structures, high cellularity and multiple foci.
In my material, a clinical follow-up study was made of more than 500 histologically reviewed true mixed tumours, in which it was demonstrated that neither dominance of the epithelial component nor high cellularity, neither cylindromatous structures nor multiple foci, implied any increased degree of malignancy. This denotes that, of all the histological features to which prognostic importance has been ascribed, only the conditions of encapsulation remain as a possible such factor. I therefore tried to grade the malignancy of mixed tumours on the basis of the relation between the tumour capsule and surrounding tissues. It was found to vary greatly, ranging from tumours completely invested by a capsule to those with infiltrative destructive growth into surrounding tissues. In some cases the tumour tissue had completely penetrated the capsule; the tumour tissue was then directly contiguous to that surrounding it (normal salivary-gland tissue or adipose tissue) but without infiltrative destructive growth into it. In other cases a capsule was lacking to some extent; the tumour tissue then lay beside the normal salivary-gland tissue, althoughdespite the absence of a capsulethe border was relatively distinct.
The clinical follow-up study, however, showed that the large mixed tumour group could be divided, on the basis of encapsulation, into two distinct subgroups. One consisted of benign tumours without infiltrative destructive growth (about 98 %), and the other of malignant tumours with infiltrative destructive growth (about 2 %).
Before reclassification of the present material, more than 50 % of the mixed tumours were denoted as semi-malignant; this was because they fulfilled one or more of the histological criteria, such as high cellularity, predominance of the epithelial component, cylindromatous structures, multiple foci or incomplete encapsulation. My correlation study showed that the concept of semi-malignancy based on these histological criteria lacks any justification. One great practical consequence is evident: the earlier, routine, lifelong follow-up examinations of all patients with semi-malignant mixed tumours are unnecessary. The study also showed that a mixed tumour is malignant only when there is infiltrative destructive growth into surrounding tissues. This implies that follow-up examinations can be confined to these rare cases.
Papillary cystadenolymphomawhich comprises about 5 % of all parotid tumours -was one of the first types to be recognized (Albrecht & Arzt 1910) ; its histological features are highly characteristic. In my series it proved to be a completely benign type of tumour which was not responsible for metastasis or death in any case. In contrast to other benign tumours, it may occur primarily in multiple foci and even bilaterally, which is explained by its histogenesis, as it develops from heterotopic fragments of salivarygland ducts in the lymph nodes present in the parotid gland, both in the parenchyma and outside it. The belief that there is a high incidence of recurrence after primary operation is due to the fact that the tumour is often multiple.
An oncocytoma is an exceedingly rare type of benign tumour (0 5 % of parotid tumours). It arises from characteristic cells, normally present in the salivary gland, termed oncocytes; they are considered to be an irreversible type of transformed glandular epithelium. Some doubt exists whether oncocytoma is really an independent type of tumour, i.e. whether it is a genuine neoplasm or merely oncocytic hyperplasia.
'Benign lymphoepithelial lesion' -less than 1 % of parotid tumoursis the name proposed by Godwin for the lymph-node lesion of the parotid whose histological features he defined in 1952. In his opinion, the histogenesis is a combination of inflammatory and neoplastic factors. Many authors have expressed the view that benign lymphoepithelial lesion is a manifestation of Mikulicz's disease.
A tumour which does not derive from the actual salivary-gland parenchyma but from the interstitial tissues of the parotid gland is denoted as a mesenchymal tumour. My material contained several kinds of mesenchymal tumours, i.e. neurinoma, neurofibroma, fibroma, lipoma, hamangioma and lymphangioma. All these benign tumours have typical microscopical features and are easily identified.
Particularly in the German literature, parotid tumours are divided into two main groups, namely, true parenchymal salivary-gland tumours (Sialome) and those arising from interstitial tissue (so-called Synsialome). In adults about 95% of the tumours are epithelial Sialome. In children, on the other hand, the corresponding figure is only about two-thirds: this is because the mesenchymal tumours are relatively common in childhood, in the form chiefly of haemangioma but also of lymphangioma. Thus, during the first year of life, more than 95% of all parotid tumours are hemangiomas (Seifert 1965) .
In my material, the prognosis of the parotid tumours was investigated by studies of the rate of local recurrence, metastasis, mortality and survival rate. The greatest importance was ascribed to metastasis and the survival rate, which is based on determinate groups. The survival rate in the determinate groups excludes indeterminate patients, i.e. the few lost to follow up and those who died without signs of the tumour disease.
The grade of malignancy was evaluated by studying the determinate survival rate, which is based on the mortality in the tumour disease.
Muco-epidermoid carcinomacomprising about 4 % of all parotid tumoursdid not become accepted as an independent type until the late 1940s. Although its recognition as a distinctive type was due largely to the work of Stewart et al. (1945) in the USA and of Linell (1948) in Sweden, its characteristic histological structures had actually been described much earlier. The name refers to the tumour's content of mucussecreting and epidermoid cells.
In many classifications, muco-epidermoid carcinoma is still designated as a variant of other types. In my series, for instance, a number of them were denoted, before reclassification, as mixed tumour or papillary cystadenolymphoma. Muco-epidermoid carcinoma is often listed under other diagnoses as well, such as 'cylindroma', squamous cell carcinoma and unspecified adenocarcinoma.
The variation in the degree of differentiation of this tumour has led to confusion about its grade of malignancy. In order to clarify this matter several attempts have been made to divide muco-epidermoid carcinoma into various subgroups, based on the degree of differentiation. In my material, the muco-epidermoid carcinomas were divided into two groups, highly differentiated and poorly differentiated.
The highly differentiated tumours have a characteristic histological structure and are easily identified. The poorly differentiated ones, on the contrary, are apt to be mistaken for poorly differentiated adenocarcinoma or squamous cell carcinoma. A comparison between the highly differentiated group and the poorly differentiated one in my series disclosed a marked difference with respect to the incidence of metastasis and the survival rate. The latter group showed a much higher grade of malignancy than the former one, which does, to some extent, motivate dividing this type of tumour into two grades of malignancy, namely, low grade and high grade.
Adenoid cystic carcinoma and cylindroma are the most common names for a type of tumour with characteristic histological and clinical features; it is comparatively rare, since it comprises only about 2 % of all tumours of the parotid gland. The term that is perhaps still most used is cylindroma, which was introduced as early as 1859 by Billroth, in view of the presence of cylindromatous structures. However, in the course of years this term has become increasingly diffuse. It has gradually been applied to several clearly independent types of tumours with cylindromatous structures, such as adamantinoma, basal cell carcinoma and mixed tumour. To stress the distinction from the vague cylindroma concept, some German authors have denoted adenoid cystic carcinoma as 'reine Cylindrome', and some French authors as 'cylindrome pur'. Adenoid cystic carcinoma may be hard to distinguish from a mixed tumour with cylindromatous structures, consequently many classifications still fail to differentiate between these two types of tumour; this implies a large factor of uncertainty in evaluating the malignancy, which explains why, in many classifications, this type of tumour is denoted as semimalignant.
Adenoid cystic carcinoma was defined as an independent type of tumour by Quattlebaum et al. in 1946, under the name of 'adenocarcinoma of cylindroma type'. The authors proposed this name both to stress the malignancy of the tumour and to distinguish it from the diffuse cylindroma Table 2 Adenoid cystic carcinoma of the parotid gland: five to twenty years follow-up study survivals ofsurvivals  5  35  9  2  33  24  73  10  31  16  5  26  10  39  15  23  15  4  19  4  21  20  19  14  3  16  2  13 concept, without abandoning the histologically descriptive term cylindroma. However, during the past ten years or so, the term 'adenoid cystic carcinoma' has won increasing acceptance.
There is still much discussion about the grade of malignancy of this tumour which grows slowly and metastasizes late: an extremely long observation period is, therefore, needed if the prognosis is to be judged with any degree of reliability. The five-year survival figures seem to be of significance in all parotid tumours with the exception of adenoid cystic carcinoma. This is evident from the results of an investigation based on an analysis of 1,679 histologically verified tumours of the parotid gland treated at Radiumhemmet from 1909 to 1958: 35 were classed as adenoid cystic carcinoma. The follow up periods were counted from the date of the first histological verification of the tumour (Table 2 ). In this series of cases of adenoid cystic carcinoma, the determinate survival rate fell from 73 % in the patients followed up for more than five years to 13 % in the twenty-year group.
Many authors have stated that this type of tumour has a special tendency to perineural invasion. Spontaneous paralysis of the facial nerve occurred in 10 of 35 patients in the series just mentioned and all 10 died of the tumour within eight years of the onset of paralysis. This shows that spontaneous paralysis of the facial nerve is an exceedingly severe prognostic sign.
Acinic cell adenocarcinomaabout 4 % of all parotid tumourswas the name given by Godwin et al. to the tumour which they distinguished from other types of parotid tumour in 1954. 'Acinic cell' referred to the great resemblance of the tumour cells, both microscopically and histochemically, to normal acinar cells; 'adenocarcinoma' was used because the apparently benign histological structures are often associated with clinically malignant behaviour. Nowadays the most usual term is, however, acinic cell carcinoma. Since earlier histological descriptions of this type of tumour were based only on isolated cases, no clinical conclusions could be drawn from the histological features; this implied that the tumour was not regarded as a separate type but was classed as a variant of other types, such as mixed tumour and papillary cystadenolymphoma. In view of its microscopical features it was generally considered earlier as benign, which is apparent from the nomenclature. Examples are 'epithelioma glandulaire', 'parathyreoideaiihnliche Geschwulst' and 'glycogen-rich clear cell adenoma'. It is evident from the correlation studies in my material that acinic cell carcinoma is, in fact, a malignant type of tumour which is responsible for metastasis and death.
Other, rarer types of malignant tumours with histologically typical features are mucusproducing adenopapillary carcinoma and solid anaplastic adenocarcinoma; together they com-prise about 3 % of all parotid tumours and are characterized by a high grade of malignancy.
In addition, squamous cell carcinoma, malignant lymphoma and fibrosarcoma of the parotidc gland are occasionally found.
On the basis of the survival rateafter correction for the deaths from intercurrent diseasesa comparison could be made between the grade of malignancy of the various types of malignant tumour. It was found that, particularly, the highly differentiated forms of muco-epidermoid carcinoma and acinic cell carcinoma were of low malignancy. This was in contrast to malignant mixed tumours, poorly differentiated mucoepidermoid carcinoma and solid anaplasticcarcinoma, all of which were highly malignant.
The highly malignant types, i.e. those with the lowest survival rate, comprised a relatively smalL number of cases. Thus, about 17 % of the parotid' tumours were malignant but only about 6 % could be denoted as highly malignant. The remaining 83 % were shown to be benign tumours. Consequently, it is evident that tumours of theparotid gland have a good prognosis in the great majority of cases.
Mr David H Patey (Middlesex Hospital, London)
The Treatment of Tumours of the Parotid Gland
The main principles of the treatment of tumours of the parotid gland can be summed up as wide surgical exposure, early identification of the facial nerve and removal of the tumour together with such surrounding tissues as the pathology demands. These principles have been embodied into a well-established range of operationsconservative parotidectomy, partial or total, semi-conservative parotidectomy, and radical parotidectomy, the term 'conservative' referring to the preservation of the facial nerve. Radiotherapy has a minor place as an ancillary to surgery in the only two epithelial tumours which are in any degree radiosensitive, muco-epidermoid and cylindromatous tumours; it has no place in the treatment of the common tumour of the parotid, the mixed tumour.
The technical advances in the surgery of the parotid have in the post-war years provided pathologists with improved pathological material, which has enabled them to define more clearly the wide range of tumours that may occur in the parotid and to correlate more closely the histological features and the clinical behaviour. Dr Eneroth's own work is an important contribution in this field, but there are still great differences in terminology and frequency findings between pathologists in different world centres; we hope that the recent establishment by the World Health Organization at Middlesex under Dr A C Thackray of an International Centre for Salivary Gland Tumours will help to straighten out these difficulties.
The important pathological fact, as Dr Eneroth has pointed out, is that most parotid tumours are situated low on a benignancymalignancy scale. Our figures at the Middlesex Hospital are comparable with his in that only 15% of parotid tumours show the higher malignant characters of infiltration and metastasis (Patey et al. 1965) . This means that a minimum of 85 % of cases should be cured by the appropriate operation, a very happy situation compared with that of tumours in many other parts of the body. But there is one important clinical difficulty: the common way for all parotid tumours to present, except those of the highest degree of malignancy, is as a symptomless lump. Though one can state from a knowledge of relative frequencies the chance that the lump is a particular type of tumour, it is only with the histological examination that one is certain. The obvious answer of preliminary biopsy has two disadvantages. The first is the danger, especially in mixed tumours, of cell spill and implantation recurrence; this danger is less with needle biopsy, but the interpretation of needle biopsies of parotid tumours needs special skill and experience. A more important objection is that the operation actually carried out depends more on the naked eye than on the microscopical findings. Thus the essential finding in determining whether the facial nerve is sacrificed in whole or in part in infiltrating tumours is the evidence that the nerve is, or is not, involved in the tumour spread, not the histological picture.
Every operation for a parotid tumour is thus primarily an exploratory procedure, the surgeon being prepared mentally and technically to deal with the particular situation he finds. In many cases, parotidectomy with preservation of the facial nerve can be performed without encroaching on the neighbourhood of the tumour and, in such cases, the surgeon can usually await the pathological report without anxiety. If, however, during the course of the operation he finds that the trunk or branches of the nerve are entering into close relation with the tumour, there is one naked-eye feature which enables him to distinguish between a tumour growing predominantly by expansion, such as a mixed tumour, and the various types of infiltrating tumour. In the tumour growing by expansion, the nerve is displaced by, but not involved in, the tumour; in the infiltrating tumour, the nerve is seen to enter the substance of the tumour. By this naked-eye finding, the surgeon can usually determine without difficulty the prec-ise operation necessary. The persistence of doubt may be the indication for an immediate biopsy before proceeding. I would like to refer next to a question that we discuss in our paper quoted above (Patey et al. 1965) , namely, the development of carcinoma from mixed tumours. In Sir John Bland-Sutton's classic work 'Tumours, Innocent and Malignant' (1922) , there is a picture of a woman with a tumour of the parotid which had grown slowly for seventeen years, and then 'when the woman was 57 it grew quickly, infected the lymph nodes, and the patient died'. Cases of this sort were well
